We estimated the prevalence of and costs associated with genital warts among privately insured individuals from the perspective of a private health plan in the United States. Health care claims data were derived from a sample of 3,664,686 privately insured individuals. The database was limited to cases of disease for which an insurance claim was generated, with costs reflecting inpatient, outpatient, and pharmacy payments from all sources. We identified 5095 cases of genital warts (1.7 cases per 1000 person-years) billed through the health plans during 2000. The prevalences of and health plan costs associated with genital warts were highest among women aged 20-24 years (6.2 cases and $1692 in costs per 1000 person-years) and men aged 25-29 years (5.0 cases and $1717 in costs per 1000 person-years). On average, individual episodes of care for genital warts involved 3.1 physician visits and incurred costs of $436. These are the first age-and sex-specific estimates of the prevalence and cost of genital warts for a US health plan.
Genital warts (condyloma acuminatum) are caused by infection with the human papillomavirus (HPV), which is estimated to be the most commonly occurring sexually transmitted disease (STD) in the United States [1] . Clinical symptoms, when present, may include itching, burning, and tenderness at the wart site and anal, urethral, or vaginal bleeding or discharge [2] . In addition, the diagnosis and treatment of genital warts have been found to produce anxiety, embarrassment, anger, and shame among patients and to negatively affect sexual enjoyment and activity [3] [4] [5] .
In treatment settings, genital warts are seen regularly at STD clinics, where 4%-13% of patients have been found to manifest them [6] . A lower prevalence was reported among women aged 16-50 years who attended a university student health clinic during [1984] [1985] [1986] [1987] (1.5%) and among women aged 21-29 years who were examined through a Washington state health management organization (HMO) in 1984 (0.8%) [6] . Very few studies, however, have assessed the diagnosis of genital warts in a broader population within a general health care setting. The most recent study of the incidence of genital warts in a general population in the United States reported an overall rate in the Rochester, Minnesota, area of 1.1 cases per 1000 persons during 1975-1978 [2] .
Data on genital wart-associated costs in general health care settings are similarly limited. To date, no study has estimated the actual costs incurred in providing genital wart care within a general US patient population. A number of studies have attempted to model the costs of various genital wart therapies, often on the basis of data from clinical trials [7] [8] [9] . Modeled cost estimates may not be generalizable to clinical settings, however, because they may not reflect actual practice patterns, rates of adherence to therapy, and the frequency with which the myriad of available genital wart therapies are used individually and in combination [10] . In the present study, we examine the prevalences of and costs associated with genital warts among privately insured individuals generating claims within a set of health plans in the United States.
METHODS
Data for the year 2000 were derived from the Medstat Marketscan database, which contains information on inpatient, outpatient, and pharmacy claims for 3,664,686 privately insured individuals in the United States. The scope of the database was limited to cases of disease for which a health insurance claim was generated, with analyses conducted from the perspective of a private health plan. Thus, data for privately insured individuals with undiagnosed genital warts and for those who seek treatment without insurance reimbursement in other settings, such as STD clinics, are not captured by this database.
We developed a case definition encompassing both external and internal genital warts by use of the diagnosis codes of the International Classification of Diseases, Ninth Revision (ICD-9), and Current Procedural Terminology (CPT) procedure codes. The steps used for selecting genital wart cases for the analyses of prevalence, physician visits, and costs are summarized in figure 1 and are described in detail in the remainder of this section.
As has been reported elsewhere [11] , 3 different ICD-9 codes are alternately used for billing for genital wart care (078.11, for condyloma acuminatum; 078.10, for viral warts, unspecified; and 078.19, for other specified viral warts). All 3 codes are specific to warts caused by HPV; however, although ICD-9 code 078.11 is specific to genital warts, the other 2 codes are also commonly used to denote other wart types, including flat warts and plantar warts. The prevalence of genital warts was estimated in 4 steps on the basis of this coding schema.
Prevalence. We tabulated data on the following individuals: (1) Data for this last group (patients with nonspecific diagnosis and procedure codes) could not be tabulated directly because there was no mechanism for distinguishing between genital and nongenital wart cases coded in this fashion. Instead, these cases were imputed using the ratio of cases with exclusively nongenital-specific procedure codes to those with a genital specific procedure code, among individuals with a confirmed genital wart diagnosis code of 078.11 (condyloma acuminatum). This ratio was applied, on an age-and sex-specific basis, to the observed distribution of the 713 cases of genital warts with non-genital-specific diagnosis codes of 078.10 and 078.19 (other and unspecified viral warts) and cases with genitalspecific procedure codes. This extrapolation was based on the observed alternation among the 3 wart codes in the data, often within a single episode of care, and on the assumption that physicians treated warts in the genital region similarly, regardless of the billing code selected by the medical coder.
For individuals with a wart-related visit during 2000, the period prevalence of genital warts (per 1000 person-years of enrollment) was then estimated on an age-and sex-specific basis. Overall estimates of genital wart prevalence in the full study sample and by sex were adjusted to the age distribution of the privately insured population of the United States [12, 13] . Because the Medstat population comprised a disproportionately large number of individuals aged 40-64 years and relatively few individuals aged у65 years, this adjustment was performed to enhance generalizability.
Health plan costs. The age-and sex-specific health plan costs associated with genital wart care in 2000 were estimated per 1000 person-years for individuals with a confirmed genital wart diagnosis code of 078.11 (condyloma acuminatum). This subset of patients was chosen to reflect a balanced distribution of individuals with and without a genital-specific procedure code. Costs reflect payments from all sources (including patient copayments) for medical services and drugs commonly prescribed to treat genital warts (i.e., imiquimod, fluorouracil, podofilox, and podophyllin) [10] . Cost data were obtained from outpatient, inpatient, and pharmacy records.
The cost analysis was restricted to 1919 individuals with a genital wart-specific diagnosis code of 078.11 (condyloma acuminatum) and fee-for-service medical and prescription drug coverage through their health plan. Individuals with capitated insurance coverage through an HMO were excluded from this analysis because the source and methods used for deriving cost data for these persons could not be verified. Those without prescription drug coverage through their health care plan were excluded, because data on insurance and out-of-pocket payments for individuals who obtain prescription drug coverage through a different plan or who lack coverage are not included in the Medstat database; inclusion of data on these persons would lead to an underestimation of costs for the study group.
Individual episodes of care. An "individual episode of care" for genital warts was defined as an episode preceded by a 12-month interval free of genital wart care, and the episode ended once a 12-month interval had lapsed without evidence of a genital wart diagnosis or pharmacy code. To allow for an adequate window of observation, cases were selected from the 1998 Medstat population. Selection criteria for cases (n p ) were the same as the criteria used in the analysis of health 536 plan costs, with the additional requirement that an individual's health plan and insurance enrollment be recorded in the Medstat database for the period of 1997-2000. Estimates of the mean duration, the mean number of physician visits, and the mean costs associated with individual episodes of care for genital warts are reported for male and female subjects, along with the percentage of cases treated with patient-applied therapies (imiquimod and podofilox) versus physician-applied therapies (all other therapies). Costs were adjusted to 2002 US dollars with use of the medical care component of the Consumer Price Index [14] .
RESULTS
Genital wart prevalence estimates (per 1000 person-years) are shown in table 1. The 3,664,686 individuals in the 2000 Medstat population contributed 3,076,474 person-years and accounted for an estimated 5095 cases of genital warts. Overall rates for male subjects (1.67 cases per 1000 person-years) were nearly identical to those for female subjects (1.65 cases per 1000 person-years). Genital warts were observed least frequently among individuals aged !15 years (!0.50 cases per 1000 person-years), with similar rates observed for male and female subjects. For patients aged у15 years, changes in wart prevalence among male subjects lagged behind those among female patients by a few years. Although the prevalence among male subjects aged Genital wart-associated costs to the health plan (per 1000 person-years) are presented in table 2. Overall health plan costs were approximately $700 per 1000 person-years and were similar for male and female patients. The economic burden of genital warts was greatest among female subjects aged 15-24 years and men aged 25-34 years, for whom costs were approximately $1700 per 1000 person-years.
Data for genital wart-associated episodes of care are presented in table 3. On average, episodes of care lasted 3 months. However, 70% of cases concluded care within a 10-week period, with the data skewed by a small minority of persistent wart episodes with duration of care of 11 year. Genital wart episodes involved 3.1 physician office visits on average, with costs of $436. The average cost per visit was $135. There was a trend towards slightly more costly episodes of care for male than female patients, but this difference did not achieve statistical significance. Treatment regimens involved patient-applied therapies for ∼40% of individuals, and slightly more than one-half of these individuals were also treated with physician-applied therapies.
DISCUSSION
This study represents, to our knowledge, the first age-and sexspecific estimates of the prevalence of and costs associated with genital warts in a broad privately insured population in the United States. Genital warts were detected among male and female subjects of all age groups, and overall prevalence rates were similar across sex groups. This contrasts somewhat with results from the 1975-1978 study of the incidence of genital wart diagnoses in Rochester, Minnesota, in which the ratio of female patients to male patients was 1.4:1 [2] . It is interesting to note, however, that in both the Rochester study and in our analysis, the respective incidence and prevalence rates for female patients aged 15-24 years were greater than those for male patients aged 15-24 years, but the rates for men topped those for women in nearly all age groups beyond the 15-24-year-old group.
One explanation for our finding may relate to the general aging of the population since the 1970s, with a shift in cases toward age groups in which men are more predominantly affected. Another contributing factor may be the changing patterns of exposure to genital warts across age cohorts. There is evidence of a large absolute increase in the number of cases of genital warts among young adults from 1965 to 1974 [2, 15] . Because these young adults have aged during the past 30 years, the prevalence of genital warts among older cohorts of adults may have experienced a general upswing as well. Such a trend would lead to larger absolute differences in genital wart rates between men and women in older age groups and a reduction Patient and physician applied 21 21 21 a Includes imiquimod and podofilox and reflects use of patient-applied therapy alone or in combination with physicianapplied therapy.
in the differential in wart cases across sexes. The observed age lag in male rates behind female rates may be explained by sexual mixing patterns in the population, in which STDs are transmitted from older men to younger women [16] . The highest prevalence of genital warts was found among young adults, with peak rates among women aged 20-24 years and men aged 25-29 years. Consistent with previous reports, genital warts were seen relatively rarely among children in the Medstat population [2, 10, 11] . The proliferation of genital warts among middle-aged individuals and particularly among elderly individuals, however, was higher than might have been expected on the basis of prior accounts.
For instance, although the prevalence rate of genital warts among individuals aged 15-24 years reported in Medstat was relatively similar to the incidence rate reported in the 1975-1978 Rochester study, among the Medstat population aged у50 years, the prevalence rate was 3 times higher among men and 5 times higher among women [2] . This widening gap with age between reported rates of incidence and prevalence may reflect the sustained development of genital warts among individuals who received initial diagnoses at an earlier age [17, 18] . In addition, individuals currently aged у50 years have lived through a period of increased sexual activity relative to cohorts from 25 years ago, with the potential for increased risk of incident or recurrent HPV infection [19] .
Health plan costs associated with genital wart care during 2000 reflected a total economic burden of more than $700 per 1000 person-years of enrollment, with a burden observed among young adults that was 12 times higher. To place these results in some perspective, using data from Tao et al. [20] , we estimated that the overall cost of treating genital herpes in 1999 was approximately $750 per 1000 person-years of follow-up across the entire US population.
Costs for an individual episode of care for genital warts were estimated to be $477 for male and $404 for female patients. This pattern of costs is reversed from those based on modeled treatment protocols reported by Strauss et al. [7] . In that study, reimbursed costs across 5 therapies were estimated to be higher for female patients than male patients by $10-$130, depending on the therapy. In the present study, mean costs were also found to be substantially higher than those reported from the only other study of genital wart costs based on actual patient treatment patterns, which was from The Netherlands [21] . In that study, which was limited to external genital warts, costs aver-aged just over $200 per episode of care. However, in that study, costs were based on Dutch resource unit valuations, with nearly 80% of patients treated with podophyllin or cryotherapy.
The estimated number of physician visits per episode of care (3.1) is lower than that reported in previous studies that used modeled treatment protocols, because full compliance with therapy is often assumed in these studies [7, 9] . Coding in the Medstat database was not sufficiently precise to identify the exact therapy used to treat each case of genital warts, because general outpatient procedure codes, such as CPT 56501 (destruction of simple vulvar lesion, any method), were often used. With use of pharmacy data, however, it was determined that nearly 40% of genital wart treatments involved patient-applied therapies, which were often used in conjunction with traditional physician-applied therapies.
Several limitations should be noted in interpreting these results. First, consistent with a health plan perspective, our analysis focuses on cases of genital warts diagnosed by a physician. There are likely a substantial number of individuals with genital warts who do not receive physician care. In many cases, these warts are subclinical and remain undetected by the patient and physician [22] . In others, patients with clinically apparent genital warts may elect to forgo medical care because of embarrassment, inconvenience, or fear of treatment. Although these cases do not impact the health plan, they may result in physical or emotional distress for the affected individual [2, 4] .
Second, because of the stigma associated with an STD diagnosis, some privately insured individuals may elect to seek genital wart treatment outside of their health plan at a public STD, family planning, or college student health clinic [23] . Although no direct estimates currently exist regarding the proportion of privately insured individuals who seek care for genital warts outside of their health plan, supporting data indicate that a relatively small proportion of wart cases would be omitted from the Medstat database for this reason.
A national study of genital herpes found that only 20% of herpes-related health visits were to public clinics providing STD-related services [20] . If a similar distribution of visits were assumed for genital warts, one would likely find that an even smaller fraction of all visits by privately insured individuals were made to public clinics, because these sites receive a disproportionate share of their visits (60%-70%) from uninsured persons and individuals with Medicaid [24, 25] . Furthermore, there is evidence that a proportion of out-of-plan STD care may be paid for through private insurance and thus would be included in the Medstat database. For instance, among STD clinic attendees with health insurance in 5 major urban centers, only 33% indicated that they would not use their insurance coverage to pay for their visit [25] . Thus, we believe that the vast majority of genital wart diagnoses occurring among this privately insured population are reported in the Medstat database, although there may be a degree of underestimation in the results for individuals aged 18-34 years, who are most likely to seek alternate sources of health care [24] .
Third, in this study, cases of genital warts were identified through administrative billing codes, frequently without histologic confirmation. Although there exists the potential for misclassification, no studies in the literature have documented the accuracy of a clinical diagnosis. An American Medical Association consensus conference, however, reported that the clinical diagnosis of external genital warts was reliable on the basis of a strong correlation between physical findings and the results of histologic studies [26] .
Finally, because of the nonspecificity of genital wart billing codes, a proportion of cases were imputed for this analysis (e.g., 20% of cases were used to estimate prevalence). This imputation was based on the assumption that physicians treat a genital wart similarly, regardless of the diagnostic code selected by the medical coder. To the extent that such coding practices vary, results for this study would change to a modest degree.
This article has reported estimates of the prevalence of and costs associated with genital wart care in a privately insured population from the perspective of a set of private health plans in the United States. HPV transmission and associated cases of genital warts remain a major public health concern. In 2000, there were an estimated 200 million Americans with private health insurance [12, 13] . To the extent that results for the Medstat population are generalizable to the privately insured population of the United States, estimates from this study would indicate an annual health and economic burden to private health plans of 330,000 cases of genital warts and $140 million in associated costs for their privately insured populations.
